ABSTRACT
INTRODUCTION
In the interest of stronger economies and economic growth, decisions on resource allocation in organizations require a systematic, analytical, and thorough approach, which should lead to sound decisions. With this purpose international good practice guidances to investment analysis are issued, spinning methodologies to achieve it. Even if the investment valuation experts value a company with more than one methodology, as a useful result's crosscheck, the Discounted Cash Flow (DCF) methodology is the one that usually receives more credit in investment appraisals and capital budgeting. This methodology involves assessing the financial feasibility of a project, establishing its Net Present Value (NPV) and Internal Rate of Return (IRR). They account for the difference between the present value of benefits and the present value of costs, at a given discount rate (DR): NPV indicates the value or magnitude of an investment and IRR accounts for the DR that makes the NPV equal to zero. IRR is an indicator of the efficiency or quality of an investment -their weaknesses are the requirement of "exact" cash flows forecast and the calculation of the DR. Accordingly, being the DR linked with the opportunity cost, value usually given by the Weighted Average Cost Of Capital (WACC), this paper focus in setting a trustfully methodology to compare the alternative investments, with which the decision makers and stakeholders will feel more secure. In fact, the cash flows forecast in a distribution network investment is directly related with the technical evaluation of the investments -costs and benefits. Hence, being the investment cost estimations given by the DNO standard assets costs and the benefits estimations given by the monetary quantification of reduced losses and reduced energy not supply achieved with that investment -values directly correlated with the load growth forecast -, the cash flows forecast is exposed both to costs and load growth deviations. Therefore, being the exactness of cash flows forecast related with asset costs and load growth deviations, this paper specifically proposes an evaluation methodology based on the Value at Risk (VAR). The objective is to obtain the worth expected value within a defined time period and confidence level taking into account the company's historic error deviations. The methodology is presented together with a DNO real network investment assessment example that takes into account historic error deviations both in load growth and costs.
DISCOUNTED CASH FLOW
As stated in international good practice guidance to investment analysis, when appraising multi-period investments where expected benefits and costs and related cash inflows and outflows arise over time, the time value of money should be taken in account. The DCF analysis considers the time value of money, based on the premise that (1) people prefer to receive goods and services now rather than later, and (2) investors prefer to receive money today, rather the same amount in the future [1] . Hence, DCF supports decision-making better than, for example, the payback period, since it recognizes that an investment has cash flows throughout its expected life, and that the cash flows in the early periods of an investment are more significant than the later cash flows. Under the DCF methodology the NPV is defined by the expression bellow. discount rate (usually WACC) C t :
Cash flow in time t
As required by many organizations, at least three alternative investments should be considered to make robust decisions. The NPV can be calculated by analysing and comparing the profitability of each alternative investment. In Figure 1 a real network NPV analysis of three alternative investments is shown for a DR of 10%. 
Figure 1. NPV for three alternative investments
While the NPV final result says little about what alternative is the best one, the two dimensions NPV analysis plus the initial investment, C 0 , points out a path to a solution. In Figure 1 , we can observe that OP3 has the higher NPV. However, when compared with OP2, OP3 requires investing €2 million more to achieve a surplus €200 thousand in the NPV; and when compared with OP1, OP3 requires spending additional €600 thousand to achieve a surplus €1.5 million. In this particular case, the considerable difference in C 0 when compared with the difference in NPV intuitively leave few doubts to a risk-adverse decision maker about which alternative to undertake -OP2. But it is not always like that.
Being these results dependent of the DR, it is possible to add one more dimension to the NPV analysis, calculating the (DR, NPV) curve, identifying the DR for which NPV equals zero as the IRR (see Figure 2 ). This added dimension shows that, by accepting OP2, a higher rate of return is expected. Nevertheless, the bottom line is that the investor's total wealth would be increased more by making a larger investment with a lower IRR, i.e., by undertaking OP3. In this situation a sensibility analysis could lead to a safer and sounder choice. If the decision maker is sure about the initial investment's value and future cash flows' reliability, he/she could increase the investor wealth, but if deviations hit the investment he could be exposing the investor to a higher risk of loss. Today, being harder than before to obtain good forecast on load growth -with the ins an outs of distributed generation -, as well as correct estimations of the investment costswith the increased influence of local authorities to modify planned solutions -, the exposure to risk is higher. Even for alternatives with parallel (DR,NPV) curves, like alternatives OP1 and OP3 in Figure 2 , where OP3 shows higher NPV and IRR than OP1, the exposure to risk of each alternative should be evaluated. Comparing OP3 with OP1, although OP3 has higher NPV, it also has a higher C 0 . Though, OP3 is more exposed to uncertainty in the investment costs, which could lead to a high risk of loss that the decision maker could not be willing to take to achieve the NPV gain.
VALUE AT RISK
VAR summarizes the worst loss over a target horizon that will not be exceeded with a given level of confidence , e.g., many banks, brokerage firms and investment funds release statements like "Under normal market conditions, the most our €100 million portfolio can lose is €3.6 million over a month at the 99% confidence level" [2] . Initially confined to measuring market risk, today also nonfinancial corporations are using similar methods. VAR is basically a method of assessing risk that uses standard statistical techniques used routinely in other technical fields, to gauge their financial risk. Not being the techniques behind VAR new, what is new is the aggregated view of the exposure to risk, merging the risks factors and presenting a single result representing the worst scenario for a chosen confidence level, e.g., in the €100 million portfolio example given previously, the VAR statement means that after analysing the historic monthly returns of every portfolio component, and based on their probability distribution, it was found that the loss that historically has not been exceeded in 99% of observed returns is minus 3.6%. Knowing the VAR, decision makers can decide whether they fell comfortable with this level of risk. If the answer is no, the process that led to the computation of VAR can be used to decide where to trim Prague, In the Table 2 , we present the forecast deviations. A deviation was considered positive when the forecast was lower than the real consumption and considered negative otherwise, since in this situation the benefits have been accounted and not achieved. Influenced by the ins and outs of industrial loads and distributed generation, it is observed that atypical growths produce higher forecast deviations, some of them in the range of the real growth.
Only with 35 occurrences a histogram based in Table 2 will weakly represent the historic deviations. Having data that disaggregate the investment area of Table 1 in nine smaller areas, we get a histogram with 315 occurrences (see With the histogram, it is possible to associate with each deviation a probability. Picking a confidence level, say 95%, we need to find the value that will not be exceeded in 95% of the cases. From Figure 3 , we find that 15 occurrences are below a minus 9% deviation, i.e., if a decision maker want to be 95% sure about the used forecast in the benefits calculation, he/she will have to consider a delay of growth of about two years, for an annual average load growth of 4.7%. Similarly, we find that 53 occurrences are below −5%. Thus, we are 83% sure that the forecast deviation will not be less than −5%, representing a delay of growth of about one year, with direct consequences to the DCF results. Concerning the investment cost estimative, the assessment procedure will be similar to the one applied to the load growth. Taking into consideration the historic of investments with one year period between appraisal and execution, it is then possible to build a histogram with the estimated cost and execution cost deviations. Figure 4 shows the cost deviation histogram of 372 network investments. In Figure 4 , a deviation was considered positive when the estimated cost was higher than the real cost and considered negative otherwise, since in this last situation costs not initially considered where incurred. For investment costs, a 95% confidence level would imply the consideration of a deviation of 40% in the estimated cost. An 80% confidence level will lower such deviation to 20%. If more data were available, analysis could be undertaken for cost deviations by asset (transformers, cables, etc.). Also, with such data, the implications of having multiperiod investments with a period between appraisal and execution superior to one year, would allow further differentiation between investment alternatives. With the histograms presented it is now possible to model uncertainty through a probability density function (pdf). In Figure 3 and Figure 4 we have shown approximations to a normal distribution. The approximation enables the expedite computation of the required confidence level as presented below: Where µ stands for expected value and σ stands for standard deviation. Selecting a confidence level of 80%, we reach a load growth forecast deviation of 4% and an investment cost deviation of 20%. Using such deviations in our DCF analysis we reach the (DR,NPV) curves presented in Figure  5 , and further detailed in Figure 6 . With this analysis the decision maker can state that: under normal conditions, and if executed in the coming year, the most that the DCF can drop, with an 80% confidence level, are (see Figure 5 ) -18% for OP3; -13% for OP2; -16% for OP1.
It is possible to compare the exposure to risk of OP2 and OP3, concluding that OP3 loses its former NPV advantage (see Fig 6) while OP2 keeps its expected rate of return advantage. 
CONCLUSIONS
Although mature investment analysis methodologies have already been implemented to support distribution network development, straightforward methods should be put in place to appraise the inherent risks of such investments. This is especially relevant in a moment where load growth forecast tend to be rapidly outdated and investment cost estimates quickly invalid. In this paper we presented a VAR investment methodology that is widely used in financial risk assessment to support distribution network development under uncertainty. The implementation of such methodology also represents an opportunity for DNOs to confront their exposure to risk and setting actions to reduce such exposure.
